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This report covers research and other activities during thabling the taxonomic classification of these objects as well as

academic year 1994-1995. providing insights into their compositions. One preliminary
result indicates that the asteroid 2062 Aten displays signifi-
1. STAEE AND STUDENTS cant spectral differences from an average S-class asteroid.

. . . Rotationally-resolved spectra of 433 Eros have also been
During the Academ'c Year 1994-95, the teach_lng faCUItytaken in an effort to map the asteroid’s surface composition.
of the Department included Professors B. Balick, K. H. : o .
. Stubbs, Diercks and Doherty are working in collaboration
Bohm, P. Boynton, D. Brownlee, P. Hodge, C. Hogan, G‘with K. Cook (LLNL ) and E. Bowell and coworker& owell
Lake, B. Margon, G. Nelson, W. Sullivan, P. Szkody and G. ) )

Wallerstein. C. Stubb&ormerly at UCSB joined the faculty, Observator.)/to mqunt a search fOT Near Earth Objects. The
: UW group is building a 4K x 4K drift scan CCD camera that
and Hogan succeeded Margon as Department Chair. T. Ja-

cobsen and E. Bun-Vitense were faculty emeritus. The re- will be. mstalleq at L(_)well Observatory in the coming year.
Smith, working with samples collected by Hodge, com-
search faculty members were Drs. S. Anderson, W. Baum, J. o . . )

. pleted his dissertation, which produced an analysis of the
Brown, N. Katz and T. Quinn. Postdoctoral research associ=.~ =~ . ) -
. distribution, chemical nature and total mass of the meteoritic
ates were B. Moore and A. Silber. Twenty-three graduate . : : .
mqatenal in the soil surrounding two recent meteorite craters,

students were registered as membe.rs of the D_epartment, aE)aIgaranga in Australia and Odessa in Texas. He found that
four Ph.D. degrees were granted to: Bryan Miller, currently : j . C
at the Carneaie Institution. Washinaton. DC: Liliva the most common type of impact-produced particles are mi
. neg ' gton, . y croscopic fragments of the parent meteorite that show mod-
Rodrigues-Williams, currently at Cambridge University, est alteration due to the impact and varying amounts of

United Kingdom; Toby Smith, currently a Post Doctoral Re- . o
X ) ) . . weathering. Compound-composition spherules, such as are
search Associate at the University of Washington, and Nicho; .
e : . found at Henbury, are rare at these two sites. The total mass
las Strobel, currently residing in Olympia, WA. A. Diercks

and M. Pratt joined the department as Research Techniciar?sf meteoritic material in the soil in each case is more than an

working with Stubbs on his Cosmology Initiative and MA- order |0f magnl'FudefIargeLthan thel mass of recovered pon-
CHO projects, respectively. Other MACHO project membersderab € meteorites from t. e crater ocatlon: .
’ ) Brownlee and D. Joswiak are collaborating with J. Brad-

who joined the staff are J. D. Reynolds, Senior Compute . . . )
Specialist, and P. Doherty, Research Engineer. A. Arringtoriey (MVA Inc., Atlanta) in a project to investigate the prop

joined the office staff. More information on staff, studentsemes of “GEMS," a major component of interplanetary dust

and facilities may be found on World Wide Web via URL particles with probable cometary origins. GEMS ‘are typi-
http://www.astro.washington.edu cally 300 nm in diameter and they are composed of silicate

glass with large numbers of embedded 10 nm rounded grains
of iron sulfide and FeNi metal. Gems show internal compo-
2. RESEARCH sitional gradients consistent with sputtering and irradiation
before accretion into comets. The size, composition, irradia-
tion history, optical properties and magnetic properties of
Brownlee is developing a NASA Discovery mission to GEMS are all consistent with the hypothesis that they are
collect cometary materials and return them to Earth. Thigpreserved samples of interstellar silicate grains.
mission, STARDUST, has been selected for the fourth Dis- Quinn and A. Dolphin are integrating the orbits of the
covery mission. Using a low cost spacecraft developed bylanets for the lifetime of the Solar System including general
Lockheed-Martin Aerospace and managed by JPL, theelativity and the Earth—Moon system. This is 1000 times
STARDUST project will collect comet samples during a 6 longer than any previous accurate integration. As well as
km/s flyby of comet Wild 2. Over 10,000 particles in the 10 providing a definitive answer to the question of the stability
micron to 1mm size range will be captured by impact intoof the planetary orbits, they will gain insight into other fun-
ultra low density silica aerogel. STARDUST will also detect damental questions of non-linear dynamics and solar system
and capture contemporary interstellar dust that Ulysses anglvolution. In particular, the Solar System displays an insta-
Galileo spacecraft have recently discovered to be streaminiility with a time-scale of 5 Myr. What this means for the
through the solar system. evolution of the system over 5 Gyr is not clear, but is some-
Reflectance spectra of 15 near-Earth asteroids and thréking they can answer with this integration. Additional prod-
cometary candidates have been obtained by M. Hammergrarcts of their research will include: a time history of the
as part of an ongoing spectroscopic survey of near-Earth olizarth’s orbital elements to be used in investigation of Mi-
jects. The objects were observed in the wavelength rangknkovitch climate cycles, and a first look at the generic sta-
from 3800-10,000 Angstroms using the Double Imagingbility of other planetary systems, with an eye toward the
Spectrograph on the Apache Point ObservatdfyO) 3.5-m  relationship of the formation and stability of the Earth to the
telescope. Broad solid-state absorption features diagnostic afiassive planets that can be detected in other planetary
surface mineralogy have been identified in these spectra, esystems.

2.1 Solar System
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2.2 Stars and Compact Objects 7000A, 2 A/pi¥ spectra of four SW Sex star®H Lyn,
PG0859-415, DW UMa, V1776 Cyyhave been obtained
throughout complete orbital cycles of the systems, using the

Huang(Vllla_nova), _Contlnued _workmg W'th. HST_spectra of Double Imaging Spectrograph on the APO 3.5m telescope.
the underlying white dwarf in cataclysmic variables. FOS ;
The spectra will be used to construct both doppler tomo-

spectra of VW Hyi 10 days after the return to quiescence . . .
were modelled with a 22,000K log=8.0 white dwarf with grams of the accretion disks in these stars and atmosphere

oxygen 0.3 solar, nitrogen 5 times solar and other heavmodels of the accretion strear hot spot+ disk + WD

. . : stem.
elements 0.15 times solar. A high resolution GHRS observa>’ . ) — .
tion of the Si IV line indicated a rotational velocity of the Stubbs and Pratt contributed to the first publications using

white dwarf of v sin i= 600 km/s. Since this is much less the vzzriablehstacr d?]tgdin th_ebl?/IACHO.daLabisMeé Wé“(.:: fo-
than Keplerian, the low boundary layer luminosity of this cussed on the Cepheid variable stars in the - Evidence

system cannot be explained by high rotation. Further Foéor overtone pulsations in LMC Cephelpls was detect_ed, as
data obtained at superoutburst surprisingly revealed 2 conWe" as a sample of over 40 extragalactic begt Cephe|d§.
ponents in the absorption lines: a broad component from the BOYNton together with J. Deeter and D. Reiss are continu-
accretion disk and a sharp core component that could eithd?d their analysis of existing optical photometric data on HZ-
arise from gas streams or the white dwarf. Her/Her X-1. Such stud'les are motlvated by their recent

Szkody, Sion and K. LongSTSc) analyzed ASCA data work_ on X-ray_pulse profile evolution over the 35 day cyple
obtained during the quiescence of U Gem. The 2 data sefd this close binary. These GINGA observations have raised
obtained one month apart showed no flux changes, indicatingfe possibility of gaining further information frpm the optical
a constant hard X-ray component with %8 keV. [ght curve regarding the geometry and physics of the accre-

The advantageous scheduling mode of the APO 3.5m teldlon disk. . _ .
scope allowed the collection of optical spectra along with Bohm-Vitense and B. Beck-Winshatz in collaboration
IUE data throughout the 43 day superoutburst cycle of th&Vith N. R. Evans(CFA), K. CarpentefGSFQ and R. Rob-
unique cataclysmic variable ER UMa by Szkody, Silber,iNSON (QSFQ are contlnumg.thelr.eﬁorts to determlne the
D.W. Hoard, K. Honeycuttindiana and J. Robertsofindi- ~ dynamical masses of Cepheids with blue companions.
ana. These data showed the typical transitions from an op- Bohm-Vitense is also continuing her studies of chromo-
tically thick to an optically thin disk, as well as revealing the SPheres, transition layers and coronae in F stars.
short orbital period, which proved that this object is very Wallerstein, Brown, D. GeislefNOAQ) and J. B. Oke
similar to the normal systems below the period gap eXcepQCaItech and DAQhave completed their abundance analysis
for the very short timescales involved in the supercycle. of red giants in three distant open clusters in the Galactic

Szkody, Silber, Sion and S. HowelPS)) obtained IUE anti-center direction: Tombaugh 2, Melotte 71 and NGC
and optical spectra during the unusually long and large am@112.[Fe/H] values are neat-0.45, —0.30, and—0.10 re-
plitude outburst of AL Com in April. These data are being spectively. These metal deficiencies are smaller than had
analyzed to determine the outburst characteristics and cookeen derived by photometry, especially for NGC 2112, for
ing curve of this ultrashort period binary in relation to the Which several red giants were found not to be radial velocity
similar system WZ Sge. members. For the two significantly metal-poor clusters oxy-

Howell and Szkody completed and published analysis ofen was found mildlydeficientrelative to iron in contradis-
the superoutburst IUE spectra of SW UMa, BC UMa and TVtinction from metal-poor field stars in the solar vicinity. For
Crv that showed extremely large wind velocities. Tom 2 [a/Fe] = —0.1 while for Mel 71[«/Fe] = +0.1.

Szkody and Silber obtained IUE observations of 5 magHence there appear to be small differences in the chemical
netic systems(H0459+246, RXJ0515-0105, AR UMa, history of clusters 2.5-6 kpc further from the Galactic center
H1752+081, H0857-24Pthat showed a wide range of con- than is the sun.
tinuum and line fluxes. These data are being fit with hot ~D. Zucker, working with Brown and Wallerstein has com-
white dwarfs to determine the temperature of the UV emit-pleted the analysis of six oxygen-poor red giants in Omega
ting areas. Centauri. They have confirmed the oxygen deficiencies first

Collaborations with K.P. Singh, P. Barrett, E. Schlegelseen by Paltoglou and Norris as well as Norris and Da Costa.
(Goddard as well as V. Piirola(Tuorla Ob$ led Szkody, In addition they have confirmed that both Na and Al are
Silber, Hoard, and E. Fierce to the optical identifications of 2deficient in the oxygen-poor stars. They have also discussed
new magnetic cataclysmic variablgg1047.14+6335 and the origin of the Na and Al excess and have pointed to the
J1802.1-1804), using data from APO and the Manastashgreat difficulty of enhancing the Al abundance by internal
Ridge ObservatoryMRO) 0.8-m telescope. nucleosynthesis and mixing.

Szkody and P. GarnavidiCfA) used APO to obtain high Brown, with Zucker and Wallerstein, is analyzing high
resolution data on the exceptionally long peri@hr) mag-  resolution(35,000 CTIO spectra of signal-to-noise 30-50 of
netic RXJ0515-0105 that revealed a multi-component struc-two stars in the relatively young globular clusters Ru 106
ture. Analysis to determine the locations of each emissiorand Pal 12. PreliminaryFe/H] values for the clusters are
region is proceeding. —1.5 for Ru 106 and—1.0 for Pal 12. The derived iron

Hoard and Szkody are engaged in an ongoing investigaabundance for Ru 106 is substantially greater than earlier
tion of the recently identified SW Sextantis subclass of cataphotometric indications, but is sensitive to the adopted red-
clysmic variables. Time-resolved, high resolutié®8800- dening which is substantial and uncertain. Quite surprisingly

Szkody, in collaboration with E. SiofVillanova) and M.
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(and less sensitive to the reddening the[ a/Fe| value of  for a 21.7+ 0.3 hr period of 0.14 mag half-amplitude, su-
—0.4 in Ru 106 and 0.0 in Pal 12. Thus it appears that thgerposed on erratic flickering typical of Sco X-1 type ob-
usual excess of the-elements of+0.3 or 0.4 dex for metal- jects. As with other Z-sources, caution will be needed to
poor stars is not present in these clusters and that their ninsure that the variations are truly periodic, and not simply
cleosynthesis histories may be different from those of othedlue to chaotic variability observed over a relatively short
globulars and nearby metal-poor field stars. It is interestingime span.
that the motions of both clusters permit them to have been Using HST, Anderson, Margon, and DowneiSTSc)
captured by our Galaxy rather than formed in our Galactidhave obtained low resolution UV and optical spectra of the
Halo. counterparts to the core X-ray sources in the globular clus-
Wallerstein has obtained high resolution spectra at théers NGC 7078 and NGC 6712. Their small aperture Faint
DAO of 12 M supergiants in the young open cluster h andObject SpectrograptFOS data for the X-ray source coun-
chi Persei for the analysis of their lithium lines. He has alsoterpart AC211 in NGC 7078 confirm many features seen in
been obtaining similar spectra of resolution 35,000 of a numearlier large aperture ground-based ahiE spectra, but
ber of SC stars to be analyzed in cooperation with C. Abia of0me important differences are also evidetggesting sig-
the University of Grenada, Spain. nificant contamination in the earlier large aperture Hata
Brown has been using the DAO to observe a number of g heir FOS data for the counterpart “Star S” in NGC 6712
stars, both with and without Tc, at the He | line at 10830 A ina@re intriguing, as neither absorption nor emission are identi-
coordination with HST observations to study the possiblfiable. The AC211 and “Star S” observations may presage a
interaction of the cool star with a white dwarf companion. SPectral diversity among the counterparts to X-ray bursters in
Silber, Anderson, Margon, and R. Downé&TSc) con-  globular cluster cores.

tinued their analysis of HST time-resolved observations of E- Deutsch, Margon, Anderson, and Downes also used
the UV analog of the 71-s low amplitude pulsations of DQ multicolor HSTWFPC1 images of NGC 1851 to search for a

Her seen in visible light. The continuum, &y and C IV counterpart to the stro_ng X—ra_y source in thatglob_ular clus_ter
N1549 are seen to pulse with amplitudes of a few percenfS Well. A color-magnitude diagram from their high spatial
16%, and 6%, respectively. The phase of all three of thesEesolution U and B WFPC images confirms the ground-based
effects are seen to differ at a statistically-significant levelFesult of Aurige et al. that there are no moderately bright
These phase shifts may indicate that the true pulsation peridePi€cts having anarkedUV-excess in the X-ray error box,

of the line emission is slightly different from that of the @nd that the object known as “X1" is among the “best” of

continuum, and thus provide interesting structural data on thB9°' choices for the optical counterpart. However, their
locations of the various emitting regions. Using data from"WFPC1 images also reveal additional objects within the
the ROSAT archive, the first positive detection of X-ray X"y box that were not resolved in the ground-based im-
emission from DQ Her has also been achieved: however thages, including objects with colors similar to those of “X1.
very low inferred luminosityl,~10** erg s, suggests that _ _

this is simply a detection of the chromosphere of the cooP-3 Interstellar Material and Ejecta

star in the system. Balick, along with A. Frank and K. Davidsofu. Minn),

An intensive campaign to study the asynchronous AMcompleted a numerical model which accounts for the mea-
Her-type star BY Cam was undertaken by Silber, with Fiercesured shape and expansion of the nebula surrounding the
Hammergren, Hoard, K. Olsen, Szkody, J. Morgan, T. Nayloleruptive LBV star eta Carinae. They are now proceeding
(Keelg, P. Mason (CWRU), E. Pavlenko, N.M. Sha- with the acquisition and analysis of new HST data on this
khovskoy(Crimean), S. ShugarouSternbergy R. Rolleston  most curious object.

(Queeng R. RuotsalaineriEastern Wash, E. Schmidt(Ne- Balick, along with A. Hajian and Y. TerziafCornell) are
braska, I. Andronov, and S. V. KolesnikotOdessa At least  studying the ionization and abundances of gas expelled from
3 hours of photometry was taken on 40 nightsrorea two  the nuclei of planetary nebulae in order to determine if the
month period. From these data a beat period of 2 weeks wagas has been dredged deep from within the stellar remnant.

detected for the first time. They are analyzing their very deep optical spectroscopic data
IUE and optical observations of BY Cam were studied byof the jets, ansae, and halos of selected planetaries.
Zucker, Silber, J. Raymon(CfA), Mason, S. Vrtilek(Mary- Balick, B. Rodgers, Hajian, Terzian, and Bian¢BiTSc)

land), E. Schlegel(GSFQ. The velocity of the strong UV have completed coordinated optical and IUE spectroscopic
line NV A1240 was seen to vary at the orbital period with anmonitoring observations of the stellar nucleus of the plan-
amplitude of 368 km s?. etary nebula NGC 40. This relatively bright WC8 star shows
IUE and optical observation of AM Her were obtained by rapid spectroscopic variations in certain carbon lines, sug-
Silber, Raymond, Shakhovskoy, Mason, Andronov, and Ngesting that it is ejecting blobs of material nearly continu-
Borison (Special Astrophysical ObservatgryThey showed ously.
that there is a hot spot on the white dwarf surface during the Beck-Winchatz, Bbm and A. Noriega-Cresp@dPAC) are
low state, and that this spot is probably due to continuedtudying the gas-phase abundances of métapecially Fe
accretion. and Nj in a number of Herbig-Haro objects. The main pur-
S. Wachter and Margon obtained broadband photometrpose is to derive information about the destruction of dust
of the optical counterpart of GX342 (Sco X-2, an in- grains in Herbig-Haro shock waves. The authors compare,
tense, low-mass X-ray binary “Z-source.” There is evidenceespecially, a large number of iron lines with the statistical
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equilibrium predictions for Herbig-Haro models. These pre-the OB association LH 72 in the LMC. The association is
dictions have been drastically improved recently by the large~5 million years old, with its brightest stars having spectral
number of collision strengths which have now been pretypes ranging from O6 V to BO I.

dicted by Zhang and Pradhd®995 A & A, 293, 95 for Hodge, with Wilcots and Miller, used the VLA to map the
Fe". Especially interesting results are found for the objectsproperties of tk H | gas in the Local Group galaxy IC 10.
HH 255 and HH 43A. There is a highly-complex turbulent inner disk of gas that

Bohm and Solf(Tautenburg Obg.continue to study the corresponds to the visible-light features and an extended
outflows in the immediate vicinity of T Tauri. They deter- outer halo of gas that is apparently falling into the disk. The
mine a detailedempirica) model of HH 255(Burnham’s  galaxy shows unusually active star formation.
nebula, especially studying the coupling between the abrupt with W. Waller, S. Heap, E. Malumuttall at GSFG and
changes of the degree of ionization and the abrupt changes #thers, B. Patterson and Hodge continued their HST study of
the observable kinemati¢sostly recognizable in the radial the stellar components of giant H 1l regions in M33. For the
velocity dispersion and in the centroid radial velogiof HH  six brightest member H Il regions, they determined masses,
255. Although HH 255 has a number of properties which doyminosities, reddenings and ages from both ultraviolet and

agree with Herbig-Haro shock waves other properties remaifijsyal data. The brightest stars range frontyyl = —9.0

enigmatic. (for CC 93 to — 7.7 (for IC 342 and ages average about 4.5
million years.

2.4 The Galaxy Working with F. Vertef GSFQ, Hodge completed a study

of the CO-to-H conversion factor for very low heavy ele-
Stubbs, Pratt and collaboratofdhe MACHO collabora- H ; : y y
ment abundance galaxies. It is found from the most extreme

tion) produced the first stringent limits on the MACHO con- example searcheGR 8 with O/H about 3% solatthat the

tent of the Galaxy’'s dark halo. Stringent constraints were . . . . .
: : : : conversion factor clearly increases with decreasing metallic-
established for halo lensing objects with masses betweeir,gy
104 and 0.1 solar masses. The number of microlensing” . . .
events this experiment has detected towards the Galactic, L. Mendoza and Hodge obtained a series of CCD images

Center now exceeds 85, and the optical depth towards tthylth the APO 3.5m telescope of the Leo | galaxy to search

. ) . ! ; ; . for RR Lyrae variables in connection with coordinated ob-
Galactic center is an important new ingredient in Galactic

mass models. A number of exotic variants of microlensingﬁlesrll/f‘(tbogﬁzb)emg made by M. Mat€dMich.) and E. Olsze-

events have now been detected, many prior to peak amplifi J. Collier obtained multi-color CCD images of nearby gal-

cation (A. Becke. axies with the MRO 0.8-m telescope, finding that it is pos-

Sullivan (together with J. Cordes of Cornell, K. Welling- ible to isolate OB iati learl 4 aut ticall
ton of ATNF, P. Backus and S. Shostak of the SETI Institute>'0'c 10 1SOate Db associations clearly and automatically,

and M. Griffith) used the Parkes 210-ft radio telescope and'S'N9 objective methodsPrincipal Components_ Analysis
the SETI Institute 10-million-channel receiver in June 1995and Cluster Analysjsto explore color space. This extends

to do a SETI experiment at a great number of locations neat?r_evious Worl_< of this nature published by Hodge, working
the galactic center. with S. Adanti and R. Capuzzo-Dolcettiaoth U. Romaand

Baum and Hammergren are collaborating with R. M.P' Battinelli (Obs. .Romaa : L )
Light (IPAC, Caltech and other members of the HST— Patterson continued her investigation of the diffuse H
WEPC team on new WEPC2 observations in “Baade’s Win-€Mission in the galaxy M33, obtaining data from both the
dow,” a field of relatively low obscuration about 4deg from MRO 0.8-m and the APO 3.5m telescopes.

the direction to the galactic center, to study populations in_ Sullivan (together with Griffith, and A. Wright and N.
the Galactic bulge. Tasker of ATNB used the compact array of the Australia

Telescope over a week to monitor for intensity variability
. ~100 radio sources from the Parkes-MIT-NRAO survey that
2.5 External Galaxies and QSOs appeared to be variable from the original survey data. First
Hodge and B. MillerCarnegie Ins).published a study of indications are that very few of these in fact were variable on
the HIl regions for four galaxies in and near the Local Groupday-to-day time scales, but many are over a period of several
(WLM, LGS-3, UGC A86, and EGB 042%763). The H Il  years.
region populations of the galaxies have normal size and lu- Baum and Hammergren, together with colleagues on the
minosity functions. The size scale factors indicate that thd1ST—WFPC team, completed their analysis of deep WFPC2
latter two are not members of the Local Group. Emission-exposures of NGC 4881, which is a bright EO galaxy about
line spectra provide elemental abundances for the brightedt8 arcmin from the center of the Coma Cluster. These obser-
HIl regions, which indicate that the O/H ratios are very low, vations were made to explore the possibility of determining
about 7% of solar. the distance to Coma based on finding the “turnover” mag-
Miller and Hodge also obtained spectra of Hll regions innitude of the globular cluster luminosity functidGCLF),
three intermediate-luminosity galaxies of the M81 group, forthereby directly linking Coma to objects in the Milky Way
which they found O and N abundances that fit the((@¢gH)  without involving intermediate distance markers such as the
- M(B) relation; O abundances are typically 10% of solar. Virgo Cluster. Coma has a mean cosmological redshift of
Hodge, E. Wilcots(U. Wisc) and L. PastwicklUWyo.) ~7200 km/sec and is-6 times farther than Virgo, so it
completed an analysis of the massive stellar population obffers an opportunity to measure the Hubble Constant with
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less uncertainty due to local motions. Counts indicate that Moore, Katz and Lake used high resolution numerical
there are about 195 globular clusters in NGC 4881 down to aimulations to investigate the morphological evolution of
threshold ofv~27.6 mag, but they didotshow evidence of galaxy clusters. In collaboration with A. Dressl&@arnegi¢
having passed the GCLF turnover. Timnimumdistance to and A. Oemler(Yale), the results of these simulations were
Coma is therefore inferred to be 108 Mpwith a formal  compared with HST images of galaxy clusters at redshifts
error of —11 Mpc), which corresponds to a maximukl,  z~0.5, and CCD images of nearby clusters. Distant galaxy
value of 67 km/sec per Mp¢with a formal error of+7  clusters contain a large population of star-bursting dwarf spi-
km/sec per Mpg rals which appear morphologically disturbed. This galaxy

Baum and Hammergren together with E. J. Sh&ya  population is absent from nearby clusters which are domi-
Maryland studied a gravitational arc 2.1from the center nated by dwarf elliptical galaxies.

of NGC 488_11- They deduced a mass-62.5x 10*h ™M, “Galaxy harassment’(frequent high speed galaxy en-
within 75Ch * pc of the NGC 4881 nucleus, and a core counters is a mechanism which can drive the observed evo-
radius of 35"~ pc for the dark matter component. lution in the galaxy populations in clusters. The strong tidal

Baum, together with C. J. GrillmalluCO/Lick) and sev-  shocks from repeated close encounters with large galaxies
eral other HST-WFPC team members, reported 19925yses bursts of star-formation and provides a heating source
WFPC1 observations of the nuclear regions of the brightesyhich transforms the cold disks of dwarf spirals into prolate
cluster ellipticals NGC 3311 and NGC 7768. They found theconfigurations closely resembling dwarf elliptical galaxies.
nuclei of both galaxies to be obscured by dust, with possiblesjmulated images of galaxies match the disturbed disk gal-
on going star formation in NGC 3311. They also found thegxies in clusters at~0.4. Moore and collaborators predict
core radius of the globular cluster system in NGC 3311 to bgnat intermediate redshift clusters will contain many low sur-
at least an order of magnitude larger than the core radius gfce prightness filaments and arcs which are the debris ma-
NGC 3311’s stellar light, suggesting the two populationsiaria| from destroyed disks.
may be dynamically distinct. o Galaxy harassment also provides a natural explanation for

Baum is collaborating with C. J. Grillmair and S. M. o\ redshift quasars with host galaxies much fainter than the
Faber(UCO/Lick), E. J. Alhar and T. LauefNOAO), and J.  ilky Way. Lake and collaborators found that more than
A. Holtzman(NMSU) on HST-WFPC2 observations of four gnoy, of the H | of gasich dwarf spirals in clusters is driven
globular clusters in M31 for the purpose of determiningyy, the center by efficient angular momentum transfer. This
structural parametergheaded by Grillmayr and color—  a4erial can provide sufficient fuel to power a quasar in a
magnitude diagraméeaded by Ajhar The four, all located |5, luminosity host galaxy.
in the M31 halo but differing in metallicity, are K58, K105, Katz with D. Weinberg(Ohio State U.and L. Hernquist

K108, and K219. (UCSO simulated the cold dark mattelCDM) scenario
Baum is collaborating in a 3—colotv1) WFPC2 study  ith (0=1) using a version of TreeSPH generalized for

of NGC 604 headed by D. A. Hunt¢towell Observatory. cosmological integrations. TreeSPH combines smoothed—

NGC 604 is a giant H Il region in the nearby Scd galaxy ,,icle hydrodynamicsSPH with the hierarchical tree
M33. Color-magnitude diagrams show a main ,Sequencgwethod for computing gravitational forces. Lagrangian hy-
down toMy~—1 mag, or about Ble, and the estimated drodynamics and individual time steps for gas particles pro-
age is 3-5 Myrs. vide the large dynamic range that is essential to study galaxy
formation in a cosmological context. Radiative cooling as-
sumes an optically thin, primordial composition gas in ion-
Moore, Katz and Lake investigated the ‘over-merging’ization equilibrium with a user-specified ultraviolet back-
problem using analytic results and new simulations designeg@iround. A phenomenological prescription for star formation
to calculate destruction times of halos owing to numericalgradually turns cold, dense, Jeans-unstable gas into collision-
and physical dynamical effects. Over-merging is a term usel£ss stars, returning supernova feedback energy to the sur-
to describe the failure of numerical experiments to identifyrounding medium. In CDM simulations, some of the baryons
galaxy halos, or substructure within dense environments in &at fall into dark matter potential wells dissipate their ac-
universe dominated by cold dark matter. Substructure ifluired thermal energy and condense into clumps with
these simulations is destroyed by the combined action ofoughly galactic masses. The resulting galaxy population is
large force softening together with tidal heating by the clus-nsensitive to assumptions about star formation; they obtain
ter and encounters with other dissolving halos. In the limit ofsimilar baryonic mass functions and galaxy correlation func-
infinite numerical resolution, the survival of individual halos tions from simulations with star formation and from simula-
or substructure depends sensitively on their inner densit§ions without star formation in which they identify galaxies
profiles. Singular isothermal halos always survive at somalirectly from the cold, dense gas.
level. However, if halos form with large core radii then the  Katz, Hernquist and Weinberg followed the cosmological
over-merging problem will always exist within dissipation- evolution of the intergalactic medium comparing to the prop-
less N-body simulations. In this case a dissipational compoerties of QSO absorbers. Their high-resolution calculation of
nent can increase the central density enabling halos to suthe CDM model does a remarkable job of reproducing many
vive. Resolving the central density structure of objects inof the observed properties of the &yorest. The distribution
cosmological simulations is still an active research topic inof HI column densities agrees with existing data to within a
our group. factor of ~ two over most of the range from ¥8m™2 to

2.6 Cosmology
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10%%cm™?; i.e., from unsaturated Ly forest lines to damped few tens of kpcs. The two dominant galaxies in the simula-
Lya systems. The equivalent width distribution matches thdions have hot gaseous halos able to strip satellites of their
observed exponential form with a characteristic widthgaseous content, in agreement with recent models of the for-
W, ~0.3 A . The distribution ob-parameters appears con- mation of the Magellanic stream by Moore & M. DaldC
sistent with that derived from QSO spectra. Most of the lowBerkeley.

column density absorption occurs in large, flattened struc- M. Rugers and Hogan continued their study of deuterium
tures of moderate or even relatively low overdensity, so therdh high-redshift QSO absorbers. They isolated several situa-
is no sharp distinction between the dyforest and the tions where the D candidate was too narrow to be typical H
“Gunn-Peterson” absorption produced by the smooth interLye line masquerading as deuterium. By eliminating the
galactic medium. Comparison between simulations and highPossibility of such interlopers, they showed that the primor-
resolution QSO spectra should open a new regime for testingial deuterium abundance D/B10"“, in agreement with
theories of cosmic structure formation. They find that thePredictions of Big Bang nucleosynthesis and implying a
damped Ly and Lyman limit absorbers are associated withfather low cosmic baryon density which requires galaxy ha-
forming galaxies. Damped ly absorption, los to be made of non-baryonic dark matter.

Ny =10%%m™2, arises along lines of sight that pass near D. Ingram and Hogan are using the APO 3.5-m telescope
the centers of relatively massive, dense protogalaxies. Lymalf take spectra of companions of QSO absorbers for studies
limit absorption, 167cm™2 < Ny, < 102%%cm™2, develops on of galaxy correlgtlons_ and evolgtlon at high redshlft. Ingram
lines of sight that pass through the outer parts of such objecé€veloped and is using for this project a fast lithographic
or near the centers of smaller protogalaxies. The number dgchnique for making slit masks for the DIS imaging spec-
Lyman limit systems is less than observed, while the numbefograph. o

of damped Ly systems is quite close to the observed abun- R€iss, Diercks, Stubbs and Hogan started a monitoring
dance. Damped absorbers are typicajL0 kpc in radius, Program on the 3.5-m te_lescope as part of an international
but the population has a large total cross section because tf&0rt to find and study high-redshift supernovae.

systems are much more numerous than presentdagal- _ Hogan pr_oposed a new theory which uses two modes of a
axies. Their results demonstrate that high column densityi"9/€ multicomponent global scalar field to make both
systems like those observed arise naturally in a hierarchicac@/€-invariant cosmic fluctuations and cosmic dark matter.
theory of galaxy formation and that it is now possible to 1he theory predicts an isocurvature component of fluctua-

study these absorbers directly from numerical simulations. fions on small scale, and non-negligitfgepid” ) peculiar
Quinn and Katz, with G. Efstathio(Oxford), studied the velocities in the dark matter. Further details are being studied

formation of dwarf galaxies in the presence of a UV back-by Hogan with E. Bradford and L. Buchman.

ground radiation field. It has been argued that a UV photo- Rodriques-Williams completed her thesis on lensing-

ionizing background radiation field suppresses the formatioﬂqglged Fftztigtical w_ipciationsdog gglaxiesssgnd back_ground
of dwarf galaxies, and may even inhibit the formation of @S0's. Rodriques-Williams and P. akid Q consid-

larger galaxies. In order to test this, they performed gasgared the “improper motions” resulting from variable micro-

dynamical simulations of the formation of small objects in aampllf|cat|on of different components of an unresolved

. . . P itational lens.
CDM universe with and without a photoionizing back- gravi .
ground. The objects are selected from a collisionless simula- Hogan and M. BoltaUCSQ compared the best estimates

tion at a redshift of 2.4, and rerun at higher resolution inclug-Of the ages of the oldest stars with the expansion rate of the
' niverse, and concluded that, within statistical errors, the

ing the effects of gas dynamics and using a hierarchical gri . . . .
g 9 y 9 9 lat, matter-dominated universe is ruled out. Open universes

of particles. Five objects, each with a circular speed of 4 . : :
1 : ... or flat ones with cosmological constants are favored, imply-
kms - were simulated. The presence of the photoionizing . 4 .
ing that the expansion will continue forever. Hogan com-

background has only a small effect on the amount of gas tha leted a review of the Hubble constant for the Review of

collapses in these objects, reducing the amount of cold Cort'F)’articIe Properties. He also organized a conference on galax
lapsed gas by at most 30%. Analysis of the smaller object: P ' g 9 y

. . . . T formation at the Aspen Center for Physics, which formed the
found in the higher resolution simulation indicated that thebasis of a reviewwith M. Fukugita, Kyoto and P. J. E.

phoFmomzmg .backgr(')und only glgnlflcantly affects the for- Peebles, Princeton
mation of objects with a virialized halo mass less than
10°M, and circular speeds less than 23 krhsHowever,
the ionization balance is greatly changed by the presence
the background radiation field. Typical lines of sight through  Brownlee was elected to the National Academy of Sci-
the objects have 4 orders of magnitude less neutral hydrogeences, who also awarded him the J. Lawrence Smith Medal.
column density when the photoionizing background is in- Stubbs was named a Packard Fellow by the David and
cluded. Lucille Packard Foundation. This generous five-year fellow-
Moore, Lake, Stadel, Quinn, Katz and F. Governatoship provides a total of $500,000 in research funding.

(Univ. of Rome “Tor Vergata) studied large scale simula- Hodge continued as Editor of thstronomical Journal
tions of critical and lowf2 CDM universes. High resolution Margon continued as Chair of the Board of Governors of
simulations including hydrodynamics, have been run on ahe Astrophysical Research Consorti@hRC), Chair of the
small sample of Local Groups in a CDRith () = 1) to NASA Headquarters High Energy Astrophysics Management
study galaxy formation and satellite dynamics on scales of ®perations Working Group, as well as a member of the

7 Miscellaneous
&
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NASA Headquarters Astrophysics Subcommittee of thethe help of Mannery has constructed optics for this autogu-
Space Science Advisory Committee, and of the AURA Spacéder. The autoguider is now in routine operation at the tele-
Telescope Institute CoundiSTIC). He was also selected as scope. With funds provided by J. Sahr of the Electrical En-
the new Chairman of the Board of Directors of AURA. gineering Department, Morgan and F. Lind have installed a
Sullivan became Chair of the AAS Historical Astronomy microwave link between MRO and Central Washington Uni-
Division and Vice-President of IAU Commission HBrotec-  versity. This link now allows continual internet access to
tion of Observatory Sitgs MRO observers. Morgan has also worked on the construc-
tion of a new 1024 x 1024 CCD camera for use at MRO.
3. RESEARCH TOOLS
3.1 Instrumentation 3.2 Numerical Methods

The UW Telescope Engineering Groy@addell, Man- _
Quinn, Katz, Lake and J. Stadel have developed and

nery, Siegmund, Owen, Hull, Limmongkol, Evarntinue ' A ] -
implemented a multistep symmetric integration algorithm for

to provide the primary engineering support for the Sloan h ) : i
N-body simulations. Testing on isolated clusters show much

Digital Sky Survey(SDSS 2.5m telescope, optics, struc- , ;
tures, control system, and portions of the multifiber specPetter energy conservation than non-symmetric methods.

trograph. The telescope has been delivered and installed, afghether this is also the case for cosmological clustering

completion of the optics is expected shortly. simulations is unclear. . .
A team led by Stubbs has started construction on a wide- Periodic boundary conditions are essential for cosmologi-

field mosaic CCD imager for the 3.5m APO telescope cal simulations. Many tree codes use high-order representa-

funded by a generous grant from the Seaver Institute. Whe |

fions of the force(quadrupole, octapole, efcto achieve
complete, this instrument will be used to conduct a variety of '9N€r accuracy. However, past implementations of the
observational cosmology programs.

Ewald method only used monopoles requiring that these

The Global Microlensing Alert NetworkGMAN) is be- gains be forsaken in cosmological simulation. Quinn and
ing managed from the University of Washington by A. Stadel generalized the Ewald method to arbitrary order and

Becker. This is a set of small aperture telescopes around tH@(‘j’e implemented it through hexadecapole in a production
code.

world used to track the progress of gravitational microlens- . i .
ing events that are detected in real time. The current version of the gravity code written by Stadel

Balick, along with W. Kimura and G. Kin{STI Optron- and Quinn, kd-grav, is now running on both the IBM SP-2.
ics, Bellevue, WA, have completed studies on the optimum ar_1d _the Cray T3D. Performance is excellent. Th_e speedup_ is
methods for cleaning large astronomical mirrors. They havdithin 85% of linear on 128 nodes. The sustained rate is
completed studies on the efficacy of cleaning with,dge ~ More than 10 Gigaflops on the machines available at Na-
and pulsed ultraviolet lasers. They find that lasers hold thdonal Centers. They have done “survey runs” of 3 million
greatest potential for maintaining very large mirrors at highP2rticles and are preparing a 47 million particle run to be
levels of performance, especially at infrared wavelengths. USed for data assimilation for the SDSS. ,

Silber, Mannery, Stubbs, and C. Hastings are building a Quinn has joined a team at Princeton University working

slit jaw viewer for the Double Imaging Spectrometer on the®" the development of the photometric pipeline for the
APO 3.5m telescope. SDSS. His work has included developing a faster faint object

A new automated, 6-position filter slide was installed atfinder, a more efficient method for masking bad pixels, and

the MRO 0.8-m telescope by Morgan. A. Dolphin has written©Pi€ct classification.
and tested software for an MRO autoguider and Morgan with Craig J. Hogan, Chair



